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Abstract—A new brominated bisabolene derivative, aldingenin A, was isolated from red alga Laurencia aldingensis Saito et
Womersley (Ceramiales, Rodophyta). Its structure was determined by analysis of spectroscopic data ('H and '*C NMR, IR, MS),
including bidimensional NMR (‘H-'H COSY, HMQC, HMBC and NOESY) and biogenetic considerations. © 2003 Elsevier

Science Ltd. All rights reserved.

Our chemical studies on the constituents of the red alga
Laurencia aldingensis Saito et Womersly!
(Rhodomelaceae, Ceramiales), found for the first time
in Brazil and in the Atlantic ocean resulted in the
isolation of a new bisabolene-type sesquiterpene named
aldigenin A. This compound has been fully character-
ized by spectroscopic methods, including two-dimen-
sional NMR analysis. Considering that sesquiterpenes
have important taxonomic significance®* allied to first
occurrence of L. aldingensis in Brazil, this work con-
tributes to the taxonomic investigation of Brazilian
species of Laurencia.

Column chromatography over silica gel and Sephadex
LH-20 of the CH,CI, extract of L. aldingensis resulted
in the isolation of aldigenin A.°> Its LREIMS showed
peaks at m/z 332/330 [M]*, with relative intensities
suggestive of one bromine atom that correspond to the
empirical formula C,sH,;O;Br (m/z 330.0799 in the
HREIMS). The '*C NMR spectra displayed fifteen
signals (Table 1) and their multiplicity was determined
from DEPT 135° and 90° spectra: four methyl, three
methylene, five methine (four of these bearing het-
eroatoms) and three nonprotonated carbons (all of
these bearing heteroatoms). Since the IR spectrum
revealed the absence of absorption for hydroxyl and
carbonyl groups the oxygen atoms are involved in ether
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linkages. The 'H NMR spectrum in deuterated-
benzene® displayed signals corresponding to hydrogen
atoms, which are linkage at heterosubstituted carbons,
at 0 431 (1H, dt, J=13.2, 4.1 Hz), 4.26 (1H, dd,
J=12.9, 4.2 Hz), 3.88 (1H, m) and 2.77 (1H, t, J=3.0
Hz). Signals corresponding to four tertiary methyls
groups appeared at 6 1.93 (3H, s), 1.28 (3H, s), 1.25
(3H, s) and 0.80 (3H, s). All the hydrogen bearing
carbon signals were assigned by HMQC NMR spec-
trum (Table 1).

The 'H-'H COSY spectrum established two proton
sequences. The coupling between the proton at ¢ 4.31
and the methylene protons at 0 1.84 and ¢ 2.13 as well
as these signals and the proton at § 2.77 established the
connectivity of the H-10/H-9/H-8 in the moiety a. This
spectrum showed also the correlation of the signal at o
3.88 and 0 1.74, ¢ 2.10 and ¢ 1.59, indicating the
connectivity of the H-5/H-4a, H-5/H-4b and H-5/H-6.
The cross-peaks between the hydrogen atoms at ¢ 2.21
and 4.26; 6 2.05 and 4.26; 6 1.59 and 2.05, were due to
the couplings of H-2/H-1b, H-2/H-1a and H-6/H-1a in
the moiety b.

The occurrence of three cyclic ether groups would allow
the existence of ten planar structures. The chemical
shifts of carbinol carbons were not compatible to the
presence of 1,2-epoxide system and, considering the
sterical hindrance and the coupling constants between
H-9/H-10 (J=13.2 Hz), the planar structure, as
depicted in Figure 1, was suggested.
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Table 1. '*C, 'H, '"H-'"H COSY, HMBC and NOESY NMR data of aldingenin A (500 MHz, § ppm (J) Hz, benzene-dj)

Position 0. Ou 'H-'H COSY  HMBC (H—C) NOESY
1 334 (CH,)  a,,,: 2.05 dddd (12.9, 4.2, 2.6, 1.5) H-2, H-6 C-3, C-5 H-2, H-8
by, 2.21 q (12.9) H-la, H-2, H6 C-6, C-5, C-3, C-2 H-6, H-2, H-14
2 64.0 (CH) 4.26 dd (12.9, 4.2) H-la, H-1b C-3, C-1, C-15 H-6, H-4a, H-1a, H-1b
3 72.2 (C) - - - -
4 515 (CH))  a,,: 1.74 dd (14.5, 2.7) H-4b, H-5, H-15 C-3, C-15 H-5, H-2
Bongo: 2.10 dd (14.5, 3.1) H-4a, H-5, H-6 C-6, C-5, C-3, C-2, C-15 H-5, H-15
5 67.1 (CH) 3.88 m H-4a, H-4b, H-6 C-3, C-1 H-6, H-4a, H-4b, H-14
6 49.9 (CH) 1.59 dt (12.9, 2.7) H-la, H-1b, H-5 C-1, C-7, C-14 H-5, H-2, H-14
7 713 (C) - - - -
8 72.7 (CH) 2.77 t (3.0) H-9a, H-9b C-10 H-la, H-9a, H-9b,
H-14
9 373 (CH,)  a.: 1.84 dt (14.1, 3.0) H-9b, H-8, H-10 C-10, C-8, C-7, C-11 H-10, H-8
b, 2.13 ddd (14.1, 13.2, 3.0) H-8, H-9a, H-10 C-10 H-13, H-14
10 52.9 (CH) 431 dd (13.2, 4.1) H-9a, H-9b C9, C-8, C-11, C-12, C-13  H-9a, H-12
11 75.0 (C) - - - -
12, 314 (CHy) 128 - C-10, C-11, C-13 H-10
13, 242 (CH,) 125 - C-10, C-11, C-12 H-9b, H-14
14 233 (CH,)  0.80s - C-6, C-7, C-8 H-8, H-9b, H-13
15 28.6 (CH;) 193 s - C-2, C-3, C4 H-4b

* Multiplicity obtained from DEPT 135° and 90° spectra.

HMBC data were used to confirm the moieties a and b
and established the connectivity between the protons
and carbon atoms. The correlation of signals at 6 1.84
(H-92)/4.31 (H-10)/0.80 (H-14) with 72.7 (C-8) as well
as the correlated signals at 6 1.28 (H-12)/1.25 (H-13)/
2.77 (H-8)/1.84 (H-9a)/2.13 (H-9b) with 52.9 (C-10)
confirmed the positioning of the gem-dimethyl groups
at carbon C-11 which is vicinal to bromine atom,
located at C-10. The NMR data to C-10 of aldingenin
A and the related sesquiterpene laucapyranoid B are
similar, suggesting the same configuration to bromine
atom. The structure of the moiety b of the molecule was
again determined by the HMBC correlations between
the signal at ¢ 72.2 (C-3) and ¢ 4.26 (H-2)/3.88 (H-5)/
2.05 (H-1a)/2.21 (H-1b)/1.74 (H-4a)/2.10 (H-4b)/1.93
(H-15) and between the signals at 6 49.9 (C-6) and o
2.21 (H-1b)/2.10 (H-4a). The connectivity between the a
and b moieties was determined by long-range correla-
tion between the signals at 6 1.59 (H-6) with 77.3 (C-7)
and 23.3 (C-14) (Table 1).

The relative stereochemistry was assigned on the basis
of a study of the coupling constants and NOESY
experiments (Fig. 2). The small value to coupling con-
stant observed to H-8 indicated equatorial position.
This information, associated to a minute analysis of the
coupling constants and the strong NOE observed
between H-8 and H-la, indicated a norbornene type
conformation to C-1/C-6 system, which was confirmed
by the cross-peaks between H-6/H-2, H-5, H-14 as well
as H-4b/H-5, H-15. The coupling constant for the H-10
is typical of an axial proton, confirming the bromine
atom in the equatorial configuration. In the NOESY
spectrum, a strong correlation between H-10 and H-12
was observed, positioning the C-12 methyl group at the
equatorial position. On the other hand, a strong NOE
between H-9b/H-13/H-14 was in agreement with these
methyl groups being in the axial position.

A biogenetic route was proposed for aldingenin A,
involving an a-bisabolene precursor (Fig. 3). Similar to
the Dbiogenetic pathway described previously to L.
pannosa® and L. obtusa,’ the oxidation of the positions

Figure 1.

Figure 2. Important NOE correlation observed in the
NOESY spectrum of aldigenin A.



L. R. de Carvalho et al. / Tetrahedron Letters 44 (2003) 2637-2640 2639

OH HO oH
0 Br.
=
—_— —_—
Br OH
o Br

a-bisabolene

Br. B
Br OH "

HO HO HO
Br. Br. Br
— ~—
OH OH OH
Br Br Br @
@
Br

Br

OH

Br

Br.

OH 0
o

aldingenin A

Figure 3. Biogenetic mechanism for formation of aldigenin A from a-bisabolene.

C-8/C-7 and C-10/C-11 followed by nucleophilic attack
by bromide at C-10, C-8, C-3 and C-2, yields a
halidrine derivative. The hydroxylation at C-5 position
was previously observed in chamigrene derivatives iso-
lated from L. obtusa.’ Bromide elimination followed by
successive ether ring formation, would give aldingenin
A. The conversion of y-bisabolene yielding chamigrane
derivatives, has been previously described in several
Laurencia species,®!! thus accordingly the a-bisabolene

should be the precursor of the sesquiterpene aldigenin
A.
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